FIG. S1. Comparison between experimental and simulated Fourier coefficients for all six regions. The amplitudes of the Fourier coefficients of the experimental and simulated wavefunctions of all of the studied regions are shown in the left and center columns, respectively. The beam amplitude differences are plotted in the right column. Each row corresponds to one of the regions A1-A6. The residual difference amplitudes are all smaller than 0.02. The scale bar is 4 nm −1 .
FIG. S2. Comparison between the real parts of the experimental and simulated wavefunctions for all six regions. The real parts of the experimental image wavefunctions (first column) for regions A1-A6 are shown alongside the corresponding aberration-corrected object wavefunctions (second column). The simulated object wavefunctions are shown in the third column, while the last column shows the differences between the experimental and simulated object wavefunctions. Each row corresponds to results obtained for one of the regions A1-A6. The scale bar is 0.5 nm.
FIG. S3
. Comparison between the imaginary parts of the experimental and simulated wavefunctions for all six regions. The imaginary parts of the experimental image wavefunctions (first column) for all regions A1-A6 are shown alongside the corresponding aberration-corrected object wavefunctions (second column). The simulated object wavefunctions are shown in the third column, while the last column shows the differences between the experimental and simulated object wavefunctions. Each row corresponds to results obtained for one of the regions A1-A6. The scale bar is 0.5 nm.
FIG. S4. Aberration function for different solutions of the minimization algorithm. The difference between the aberration function χi and the aberration function χ0 is displayed for the strongest 31 Fourier coefficients of WSe2 [001]. For every coefficient, the difference is always a multiple of 2π, which explains why multiple solutions are found using the minimization algorithm. The aberration coefficients of the four aberration functions χ0 to χ3 are listed in Table S2 . 
